Transient state kinetic effects of calcium ion on sarcoplasmic reticulum adenosine triphosphatase.
A rapid mixing technique was used to investigate the effects of Ca2+ ion on the kinetics of ATP hydrolysis by sarcoplasmic reticulum vesicles. "Basic" ATPase measured in the absence of Ca2+ showed an initial burst of inorganic phosphate production. Similarities in the transient state kinetic properties of basic and "extra" or Ca2+-dependent ATPase suggest that the two activities represent a single enzyme species. At low concentrations of Ca2+ (less than 10(-6) M) the time course of the partial reactions of extra ATPase appeared to fit a simple scheme in which the acid-stable, phosphorylated enzyme (E approximately P) breaks down directly to inorganic phosphate and free enzyme. A similar mechanism seemed to apply to moderate levels of ATP and high external concentrations of Ca2+ known to inhibit transport activity. In the intermediate range of Ca2+ concentrations inorganic phosphate production was resolved into two phases consisting of a fast initial rate (burst) and slow steady state. Acid-stable phosphorylated protein showed a transient decay which coincided with the appearance of the burst. This behavior is consistent with a scheme in which E approximately P breaks down to an acid-labile or noncovalent intermediate state (E-P). A slow secondary increase in phosphorylation followed the transient decay in E approximately P. This late phase of protein labeling was eliminated following pretreatment with Triton X-100, sodium oxalate, or diethyl ether which decrease or prevent the formation of a transport gradient. An analysis of the dependence of the steady state level of phosphorylation and rate of inorganic phosphate production on Ca2+ concentration indicated that the phosphorylation mechanism involves interaction of two Ca2+ ions with the enzymatic carrier. The pathway by which E approximately P breaks down, i.e. whether it goes to E + Pi or E-P, may depend on the extent to which these sites are occupied by Ca2+. The transport of Ca2+ is discussed in terms of a flip-flop mechanism in which E approximately P and E-P represent high and low affinity Ca2+ binding states occurring in separate halves of an enzyme dimer.